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ABSTRACT

A field experiment was carried out to studythe effect of organic and bio-
organic fertilizers on the content of phenolics compound in broccoli and
fennel. Theresultsindicated the presence of phenolic acids and flavonoids
invariable levels. Organic treatments were oriented to increase the accu-
mulation of t phenolic compoundsin broccoli and sweet fennel cultivars.
Gallic acid, chlorogenic acid, 3,5-dimethoxybenzyl, P-cumaric, quercetin,
kampferol and eugenol were found as most abundant consistuents in
Calabrese and Southern star cultivars of broccoli. Whereas, Pinostrobin,
Pyrogallic acid, Chlorogenic and Protocatechuic acid, were the main phe-
nolic compounds detected in Dolce and Zefafino cultivars treated with
organic fertilizer. These results indicated that there is a good margin for
enhancing phenolic compounds of broccoli and fennel for economic pro-
duction using organic fertilization. This study is a soillustratedthe poten-
tial application of broccoli and fennel as a potent natural source of phe-
nolic compoundsas antioxidants andnutraceuticals.
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INTRODUCTION

Brassica vegetablesareknownto play an impor-
tant rolein human nutrition duetotheir phytochemicals,
suchasvitamins, minerds, glucosi nolaes, and phenolic
compounds??. In particular, it has been shown that
Brassi ca species potentialy exert inhibitory activity
againgt chronic diseaseslike cancer (s).Much attention
has been focused on broccoli asasource of bioactive
compounds such as phenolics,flavonoids and
glucosinolateswhich posse’s antioxidant and anticancer
effects/1021.2931  Additionally, anthocyanins
(acyloglycosides of cyanidin), areresponsiblefor red

and purple coloursin acommon red variety of kale,
cabbage, broccoli and others Brassi cavegetables®!.

Faller and Fialho'®, investigated the quality and
quantity of soluble polyphenolswhich extracted with
50% methanol from fresh conventional and organic
broccoli vegetables. They found that the soluble
polyphenols content of broccoli grown using organic
agriculture showed higher value (1.237 mg Gdlicacid
equivaent /ml), when compared with the convention-
aly grownsamples(1.173mg Gallicacid equivalent /
ml).

Fennel (FoeniculumvulgareMill. Apiaceae) is
known asamedicinal aromatic herb. Itsfruitisusedin
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theremedy against digestivedisorderswhilebitter fen-
nel isused asfood flavour, inliqueursand in this per-
fumery industry!®l. Themgjor volatile (essentid) ail of
thisplant isanetholeand fenchoneg®. Fennel extracts
proved to haveanti-inflammatory, antipasmodic, car-
minative, diuretic, expectorant, laxative, analgesic,
stimulant of gastrointestinal mobility and areusedin
treatment of nervousdisturbances®. Pereiraet al.l*%
reported the anticancer activity of fennel seed anthenol
and suggested theuse of adiet richin phytochemicas
to prevent and treat cardiovascular diseasesand can-
Cer.

In general, salicylic acid was the major phenolic
compound inthefennd methanalic extract (449.54 mg/
100g DW), followed by phenal (61.17 mg/100g DW).
Theleast phenolic constituent was protocatchuic acid
(0.41 mg/100 g DW)131,

Amongthestudied flavonoids (aglicones), thequer-
cetin, myricetin, kaempferol present antioxidant activ-
ity. Thegallicand rosmarinic acids werethe most po-
tent antioxidants among the simpl e phenolic acidg!.
Nutrients and antioxidants may act together to reduce
reectiveoxygengoeciesleve moreeffectivdythansingle
dietary antioxidant, because they can function assyn-
ergists®.

It hasbeen claimed that dueto the higher amounts
of secondary phenolic metabolitesin these plants, or-
ganically produced plant foods could be expected to
be more hedlth-promoting than conventiona foods. Or-
ganicaly grown cabbage, spinach, Welsh onion, green
pepper generally had higher levelsof flavonoidsand
antioxidant activity!?. In recent times, consumersare
demanding higher quality and safer food and highly in-
terested in organic products. Sousaet d 1> concluded
that organicfertilization hasastimul atory effect on ac-
cumulation of phenolicsin broccoli floretsand fennel.
Thehigher concentrationsof phenalicsintheedibleparts
of broccoli and fennel can be explained by therole of
organicfertilizersinthe biosynthes swhichinducesthe
acetate shikimate pathway, resultingin higher produc-
tion of flavonoidsand phenolics. Also, because of the
higher photo—pathogenic stress in organic farming, this
inturn may have abiotic stress, and causesan increase
of phenalics, grown organical Iy,

Theimportanceof phenolic compounds as antioxi-
dant inthemaintenance of hed th and protection againgt
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coronary heart diseaseand cancer isalso of raisingin-
terest among scientists, food manufacturers and con-
sumers. Thistrend leadsthe futuremoving toward func-
tiond food with specifichedth effects’d, Serefini et d.[ 2
and Carbonneau et a . suggested that flavonoids and
other phenolicshave apreventiveroleinthedevel op-
ment of cancer and heart disease. Consumption of con-
trolled high fruitsand vegetablesdietsincreased signifi-
cantly the antioxidant capacity of human plasma®.
Moreover, epidemiologica studiesshowed that signifi-
cant negative correl ation between theintake of fruits
and vegetables and heart disease mortality*4.
Carbanaro et a. and Floridi et a.[¥ showed that the
presenceof phenolicsinfood isparticularly important
for their oxidativestability and antimicrobid protection.

Theidentification of phenolicsinbroccoli and fen-
nel plantswill helpinoptimizing andincreasethe appli-
cation and benefit of these plantsasasource of thera-
peutic compounds.

Thus, theaim of the present study isto characterize
the phenolic compoundsin two cultivars of broccoli
and fennel asaffected by organic and bic-organic fer-
tilizers

RESULTSAND DISCUSSION

I dentification of phenolic compoundsin broccoli
cultivars

TheHPLC profileof crude methanolic extracts of
broccoli cultivarsgrown with organic and bioorganic
fertilizersisillustratedinTABLE 1.

Application of organicfertilizer enhanced phenolic
compoundsin both cultivars of broccoli compared to
bio-organicfertilizers. In Calabracecultivarsorganic
treatment showed higher content in most phenolic com-
poundsespecialy Quercetin (391.56 mg/ 100g DW),
chlorogenic acid (117.38 mg/100g DW), trans-
ciannamic acid (77.13 mg/100g DW), myristine
(47.52mg/100g DW), genistin (25.30mg/100g DW),
p- cumaricacid (19.19mg/100g DW) and rutin (12.27
mg/100g DW). Whereas, in Southern star cultivars
organic treatment showed higher content in phenolic
compounds especially inpyrogallic acid (106.95mg/
100gdw), chlorogenic acid (113.20 mg/100g DW), 3,5
dimethoxybenzyl a cohol (103.67mg/100g DW), p-
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cumaric acid anhydride (17.65mg/ 100g DW),genistin
(12.31 mg/100gDW) trans—cinnamic acid (43.56 mg/
100gDW) kampferol (44.27 mg/100g DW) and
agacetin (1.99mg/100g DW). Gdlicacid, chlorogenic
acid, dicylicacid, 3,5-dimethoxybenzyl dcohol, quer-
cetin, kampferol and eugenolwere the most abundant
constituents compared to bioorganic treatment.

TABLE 1: Phenolic compoundsof two cultivar sof broccoli

as affected by organic and bio-organic fertilizers (mg/
100gD.W)

Calabrese Southern star

Phenolic compounds
Organic Bioorganic Organic Bioorganic

Pyrogallic acid 186.72 18847  106.95 87.80
Gallic acid 19243 18378 10451  106.10
Resorcinol 59.82 56.80 24.79 37.48
Protocatechuic acid 9.23 8.31
Para-hydroxy benzoic 20.09 17.91

Chlorogenic acid 117.38 84.89 113.20 87.24
Catechines 18.35 21.80
Caffeic acid 6.26 813 2.79 8.76
Vanillin 5.08 4.68 429 6.32
Salicylic acid 186.54 175.91 127.40 136.17
Ferulic acid 9.96 11.41 39.48 4151
;f;ﬁ;'[”ahoxybenzy ' 26237 25591 10367  77.84
Rutin 12.27 9.60 3.30 1.32
P-Coumaric acid anhydride  19.19 10.88 17.65 11.34
Genigtin 25.30 12.69 12.31 497
Myricetine 47.52 33.13 51.83 46.39
Trans-Cinnamic acid 77.13 58.06 43.56 19.17
Quercetin 391.56 326.41 31221 281.76
Luteolin 10.18 8.07 9.96 9.72
Kampferol 55.40 3131 44.27 21.09
phenolphathalein 3.17 1.60

Eugenol 114.39 108.81 7441 7177
Acacetin 2.16 1.34 1.99 0.80
Pinostrobin 116.93 107.26

Ingenerd, quercetin and 3,5-dimethoxybenzyl a-
cohol werethemg or phenolic compoundsin Calabrase
and Southern star cultivarsfollowed by gallic, pyro-
gdlic, salicylic acid, chlorogenic acid and Eugenol .
Quercetin ranged between 391.56 mg/100 g DW in
Calabraseto 312.21 mg/100 g DW in Southern star
cultivar.

Theleast phenolic congtituent was acacetin, which
was detected in Calebraceand Southern star in pres-
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ence of organic fertilizer. Whereas, catechines was
found in extractsof broccoli treated with bioorganic
fertilizer (18.35and 21.80mg/100 g DW). Inthiscon-
cern, Nakatani™, mentioned that phenolic compounds
ranged between plants according to their genus spe-
cies, varieties, cultivars, and types of fertilizer. Fla-
vonoids, asthey represent the most important fraction
of the phenolicswere mostly represented by quercetin
and kampferolderivatesasa so found in broccoli?.

Thetwo cultivarsof broccoli presented significant
differencesintermsof congtituent phenolicscontent and
induced accumulation of phenolicsin responsesto or-
ganicfetilizer. A great varigbility of phenolic compounds
level srespect to cultivarsand different agronomic tech-
niques has been reported by Vallgo et a2, they found
that, thelevel of sinapic and ferulicderivateswere 23
and 251 mg/KgEW inbroccoli plant. Thisindicatesa
quit strong diversity, within thesame species, interms
of metabolic responsesto environmental factorsand
cultura practices.

Theresultsof the present study arein agreement
withMartinez et d ., whofound that polyphenol com-
position of membersof the brassi cavegetablescontain
flavonoids, and especidly flavonols. A large number of
flavonoid glycos deshavebeenfound; amongthem, gly-
cosides of kaempferol and quercetin, their derivatives
incombination with hydroxycinnamic acidsaswell as
sinapic acid derivativeshave been found to bethe most
important phenolic compoundsin brassica species.

Also, Priceet a.?Y, detected theindividud flavonol
glycosidesby HPLC in Marathon cultivarsof broccoli
whichwasgrown under commercia conditions. It was
found that two main flavonol glycosdespresent inbroc-
coli floretswereidentified asquercetin 3-O-sophroside
and kampferol 3-O-sophroside. Threeminor glucosides
of quercetin and kampferol werea so detected, namdy
iso-quercetin, kampferol 3-glucoside and
kampferoldiglucoside.

In addition, Faller and Fiaho (2009), and Zhao et
al. (2009), found that the solubl e pol yphenol s content
of broccoli grown organically showed higher values
when compared with the conventiona ly ones.

I dentification of phenoliccompoundsin sweet fen-
nel cultivars

Theinfluenceof organic and bio-organicfertilizers

———————, Natural Products
A Tndian ﬁawm!



370

Characterization of phenolics in two cultivars of broccoli and fennel grown

NPAIJ, 9(9) 2013

Full Paper ce—

treatments on the HPLC profile of crude 80%
methanolic extractsof two sweet fennel cultivarswas
presented in TABLE 2. Organictreatmentswerefound
to increasethe content of most phenolic compoundsin
both sweet fennel cultivars compared with biocorganic
treatment.

TABLE 2: Phenolic compoundsof sweet fennel cultivarsas

affected by organic and bio-organic fertilizers (mg/ 100 g
D.W)

Dolce Zefafino

Phenolic compounds
Organic Bioorganic Organic Bioorganic

Pyrogallic acid 197.79  163.83 99.75 90.05
Gallic acid 221 152 212 118
Resorcinol 9.03 9.59 17.38 5.38
Protocatechuic acid 97.28 78.40 90.80 70.24
Para-hydroxy benzoic 0.33 0.07 0.08 0.26
Phenol 4.59 4.60 6.93 5.28
Chlorogenic acid 12276 11292  108.44 92.46
Caffeic acid 15.99 8.82 12.48 444
Vanillin 0.66 0.42 0.34 0.51
Salicylic acid 51.65 42.36 34.04 17.76
Ferulic acid 1.63 113 0.46 7.99
Z’S(‘)ﬁé?]eth"xybenzy' 1162 962 1438 754
Rutin 37.01 30.25 36.47 16.65
P-Coumaric acid anhydride  0.89 0.61

Genistin 11.87 9.05 15.62 11.10
Myricetine 9.71 7.01 12.37 5.59
Trans-Cinnamic acid 0.01 0.02 0.22

Quercetin 2.63 2.07 0.70 2.13
Apigenine (Genistein) 4.66 2.95 3.60 2.29
Pinocembrin 17.95 15.47 15.22 11.59
Chrysin 0.86 0.86 0.75

Galangin 2.28 242

Acacetin 11.97 11.15
3,5-dihydroxy isoflavone 2.37 244

Pinostrobin 30562 291.33 30425  278.06

Dolce cultivar organic treatment showed, higher
content in most phenolic compounds especialy pyro-
gdlic(197.79 mg/DW), protocatechuicacid (97.28 mg/
100g DW), Chlorogenic acid (122.76 mg/
100gDbW),Sdlicylic acid (51.65 mg/100gDW) and
Pinostrobin (305.62 mg/100gDW).

Wheress, in Zefafinoorgani c treetment, higher con-
tent of phenolicsespecialy in Pyrogdliic (99.75 mg/
100gDW), Chlorogenic (108.44 mg/100g
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DW),Protocatechuic acid (90.80 mg/100gDW), caf-
feicand (12.48 mg/100g DW),dicylicacid (34.04 mg/
100g DW,Rutin (36.47 mg/100gDW) and Pinostrobin
(304.25mg/100g DW).

In contrast, bio-organictrestment showed rel atively
lower content in phenolic compoundsin both cultivars
of sweet fennd compared to organictrestment (TABLE
2). It demonstrates pyrogallic (163.83 mg/100gDW),
protocatechuic acid (78.40 mg/100g DW),caffeicand
(8.82mg/100g DW), and vanillin (0.42 mg/100gDW).
Wheress, zefafina bioorganic treatment showed lower
content of phenolicsespecially inresorcinol (5.38mg/
100gDW), protocatechuic acid (70.24 mg/100g
DW),caffeic (4.44 mg/100g DW), sdlicylicacid (17.76
mg/100g DW),3,5 dimethoxybenzyl d cohol (7.54 mg/
100g DW),rutin (16.65 mg/100gDW) and myricetine
(5.59 mg/100gDW).

Theseresultsarein concomitant withKhail et [,
who found that,fourteen phenolic compounds were
identified infenne methanolic extract grown under or-
ganic farming condition,. These congtituentswerecin-
namic acid, chlorogenic acid, coumarin, ferulic acid
hydroquinone, hydroxyl benzoic, O-coumaric acid, p-
coumaric acid, phenol, protocatchuic acid, pyrogallic
acid, resorcinol, salicylicacid and vanillin. They added
that sdlicylicacid wasthemaor phenolic compoundin
thefenne methanolic extract and theleast phenalic con-
stituent was protocatchuic acid.

Also, Krizman et a7, found that the major phe-
nolic compoundspresent infennd plant materidswere
chlorogenic acid, 4-O-caffeoylquinic acid (4-CQA),
erioditrin, rutin, miqudianin, 1,3-O-dicaffeoylquinicacid
(1,3-diCQA), 1,5-O-dicaffeoylquinic acid (1,5-
diCQA), 1,4-O-dicaffeoylquinicacid (1,4-diCQA) and
rosmarinic acid. The content of individua analysesin
fennd plant materia ranged from below 10to over 1700
mg/100 g of dry weight. Eriocitrinand rosmarinicacid
were not found in any of the samplesanayzed, while
miquelianin content wassubstantialy higher. Afeasible
explanation for such differencesamong fennel samples
isdueto thedifferencesin growing conditionsin differ-
ent regionsand dsoto thedifferencesintheplant geno-
types.

Organic treatment showed higher content in most
phenolic compounds compared to bioorganic treatment
in both cultivarsof broccoli and fennel. Thismay ex-
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plained by thefindingsof Young et a 2%, asthey, con-
cluded that thehigher photopathogenic stressin organic
farming may haveabiotic stressand causestheincrease
of phenalicsin broccoli and fennel grown organically or
might be dueto thedilution effect.

Therefore, organicfertilization could be concerned
in elevating the production value of the plant as a
source of phenolic compoundsfor theusein medica
research against certain diseases. In addition both
broccoli and fennel should be considered asasource
of bioactive compounds such as phenolicsand fla-
vonoidswhich possesantioxidant and anticancer ef-
fects.

EXPERIMENTAL

Chemicals

All chemicalsand sol vents used were HPL C spec-
tral grade, and obtained from Sigma(St. louis, USA)
from Merck — Shcuchrdt (Munich, Germany).

Plant materials

Two cultivarsof broccoli (Brassicaolaracea, var.
Italica) belong to family Brassicacea (Cruciferous).
Calabrese was obtained from GSN semences Co.,
France. Southern star was obtained from Takii Co.,
Japan, family. While two cultivars of sweet fennel
(Foeniculumvulgar, Mill.) belongto family Apiaceae
(Umbelliferae) were Dulce and Zefafinoand were
btained from Topstar Co., Holland.

Field experiment

A field experiment was carried out in newly re-
claimed sandy soil at El-Saff, Hellwan Governorate,
Egypt. Seedsof broccoli and fennel weresowninthe
foamtraysfilled with amixture of peat mossand ver-
miculite (1:1volume). Seedlingsat 45 daysold were
transplanted in the open field on the center of raw and
spacing of 50 cm between plants. Ditches of 20 cm
depth and 40 cm width were prepared in the sites of
dripirrigation lines; chicken manure, rocks phosphate,
ca cium super phosphate and agriculturd sulpher were
mixed and were added and covered with soil before
transplanting. Plot areawas 3.5 lengthsand 3.0 width
inthreeraw which equals 10.5 m? (/400 fed).

—=> [ul| Paper
Fertilizer treatments
Organicfertilizer

Complementary between 50 % organic (chicken
manure) at therate of 100 N, unit/fed (5.850 m*fed)
and 50% mineral (NPK) was used. NPK isformed
from ammonium sulphate (21.5 % N) as asource of
nitrogen, at therate of 100 N, Kg/fed; cal cium super
phosphate (15.5 % P,0,) and rock phosphate (30%
P) wereused a therate of 60 P,0O, Kg/fed; Potassium
sulphate (48% K ,O) was used at the rate of 40 K,O
Kg/fed. Inaddition, agriculturd sulphur wasused at the
rate of (200 K g/fed) based on therecommended fertil-
izersrequirementsaccordingto Ministry of Agriculture.
Ammonium and potassium sul phatewere splinted into
three equal doses and applied asdressing (0, 30 and
60 day after trangplanting) besideplants.

Bio-organicfertilizer
Experimental

Bio-organicfertilizer iscomposed of organictrest-
ment in addition to bio-fertilizers (50% Azotobacter
chrococcum and 50% Bacillus megaterium). Bio-
organicfertilizer was applied to the plant once after 2,
5and 8 weeksof transplanting at thelevel rateof 10 ml
/ plant and concentration of 10° cell/ml. The mixture
wasinjected near theroot plants.

Thebio- organicfertilizer waskindly provided by
theAgriculture Microbiology Department, Nationa Re-
search Center. It contained amixtureof N_-fixing bac-
teriaAzotobacter chrococcumand phosphate dissol v-
ing bacteriaBacillus megaterium(1:1 v/v).

Indl treetments, Dripirrigetion linewasspread over
theditchesand soil wasirrigated continuoudy threedays
beforetrangplanting.

Each treatment included 3 replicatesasthe combi-
nation of two cultivarsof broccoli or sweet fennel and
threefertilizer trestments. Thesplit plot desgnwiththree
replicateswasused. Themain plotswereassigned for
cultivars, whereasthe sub plotsassigned for thefertil-
1zer trestments.

Prepar ation of fresh plant methanolic extract

The edible parts (broccoli florets), and bulbs of
sweet fennel were extracted by liquid nitrogen. Ten
gramsof frozentissuesweregroundinmortar with pesties
and soaked in 100 ml of 80% methanol for (48 h).

————————, Natural Products
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| dentification of phenoliccompoundsby HPL C

Phenolic compounds ofbroccoli and sweet fennel
extractswereidentified according to Ben-Hammouda
etal.ll.

Identification of individua phenolic compoundsin
methanolicextract of plant samples(Broccoli and Sweet
fennel), was performed using JASCO HPLC, witha
hypersil C18 reversed-phase column (250 x 4.6 mm)
and 5 urn particlesizes.

Ten gramsof fresh sampleswere soaked in 100 mi
of methanol (80%) and filtered through a0.2 um filter
sterilized membraneprior to HPLC analysis. Injection
by meansof aRheodyneinjectionvave (Modd 7125)
with 50 pJfixedloop wasused. A constant flow rate of
1 ml /minwasused with two mobilephases. (A) 0.5%
aceticacidin hypersil C18 reversed-phasecolumn (250
x 4.6 mm) with 5 um particle size. Injection by means
of aRheodyneinjection valve (Model 7125) with 50
pJfixed loop was used. A constant flow rateof 1 ml /
minwasused with two mobile phases: (A) 0.5% acetic
acidindigtilledwater a pH 2.65; and solvent (B) 0.5%
acetic acidin 99.5% acetonitrile. Thee ution gradient
waslinear startingwith (A) and endingwith (B) over
50 min, using an UV detector set at wavelength 254
nm. Phenolic compounds of each samplewereidenti-
fied by comparingtheir rd ativeretentiontimeswiththose
of thestandard mixture chromatogram. The concentra-
tion of anindividual compound wascal culated onthe
basis of peak areameasurements, and then converted
to ug phenolic/ g dry weight.

CONCLUSION

It could be concluded that organi cfertilization might
be concerned in elevating the production value of the
plant asasourceof phenolic compoundsfor theusein
medical research against certain diseases. In addition
suggested the potentia application of broccoli and fen-
nel asapotent natural source of phenolic compounds
asantioxidantsand nutraceuticals.
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